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Abstract—Software tools developed at the department of Medi-
cal Physics and Biophysics of the Radboud University range
from small, generic command line programs to a compete,
user-friendly package to study the relation between electric
cardiac activity and the ECG. The generic tools are shared
with other researchers at request, the more complete, specific
packages are freely available to anyone who is interested.
Keywords—bioelectricity, source modeling, boundary ele-
ment method
I.  INTRODUCTION
Over the years, the bioelectricity research group of the
department of Medical Physics and Biophysics of the Rad-
boud University Nijmegen (MBF-RU) has developed a wide
range of software tools for bioelectric source modeling.
These tools have been applied in forward and inverse mod-
eling, both in field of cardiac source modeling and in the
field of neuronal source modeling.
The software tools developed by MBF-RU fall into three
categories:
1. An extensive set of command line oriented programs,
aimed at knowledgeable users, to compute transfer ma-
trices based on the Boundary Element Method (BEM),
perform forward and inverse computations using these
transfer matrices, and manipulate the data and geo-
metries involved;
2. The program QTriplot for displaying geometries and
functions defined on these geometries (e.g: potential
data, activation times), which can be controlled by both
a graphical user interface (GUI) and a script language;
3. The GUI-oriented program ECGSIM by which the user
can study the effect of changes in the electric activity of
the heart on the ECG at the body surface. ECGSIM aimed
at users with only basic computer training.
All programs are available in a wide range of operating sys-
tems: Microsoft Windows, Mac OS X and Unix (Linux,
FreeBSD, Solaris, Irix etc).
This paper gives an overview of the software tools de-
veloped by MBF-RU, and shows for what purposes they can
be used. In the discussion it is explained how researchers
can obtain these tools.
II.  BEM TOOLS
A.  Dipole source modeling
The core of the BEM tools are programs that solve the for-
ward and inverse problem of bioelectricity. For single or
multiple dipoles there is program called dipoli that does the
complete job by itself. The user supplies the names of the
files describing the (triangulated) geometry compartments,
their conductivities, the locations of the electrodes and the
source configuration. Depending on whether the user also
supplies measured data, dipoli will either solve the forward
or the inverse problem. In the source configuration the num-
ber of dipole sources is specified, as well as constraints for
each dipole. The position of a dipole can be fixed at a prior
position, stationary at a position to be determined by the
inverse procedure, or varying in time. The same holds for
the orientation of the dipole. In addition, pairs of dipoles can
be constrained to symmetric positions and/or orientations.
In solving the inverse problem, the linear (strength) and
non-linear (position and stationary orientation) source pa-
rameters are decoupled, which greatly reduces the computa-
tion time, especially if only the linear parameters vary in
time [1].
There is a version of dipoli for magnetic gradiometer
fields (gdipoli), as well as a version that handles combined
electric/magnetic data (pgdipoli) [2].
B.  Double layer source modeling
For modeling the depolarization of the heart, we use the
Uniform Double Layer (UDL) model [3]. In this model the
source parameters are the activation times at the ventricular
surface. The associated inverse problem is highly non-linear
and ill-posed, and hence more difficult to solve than in the
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Fig. 1.  Left: measured activation times at the myocardial surface of a dog
heart. Right: activation times estimated from ECGs measured at the
surface of the torso tank in which the dog heart was suspended.
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case of dipolar source models. Consequently, there is not a
single program for this purpose, but a set of programs.
The transfer function between the double layer source
and the observation points is computed by a program that
implements the BEM in the same way as dipoli does. Initial
estimates for the activation sequence can be computed ac-
cording to several principles (integral map, critical point
theorem, uniform propagation) [3,4]. Finally, the activation
sequence is computed by quasi-Newton optimization while
using the Laplacian of the activation times as  a regulariza-
tion operator [3]. Fig. 1 shows the results of the application
of the inverse procedure on invasive dog measurements [5].
The average difference between measured and estimated
activation times was 4 ms.
C.  Tools for geometry manipulation
The MBF-RU tools do not include programs that auto-
matically construct triangulated compartments from geome-
try measurements (like MRI). There is however a program
to construct triangulations from contour data. Also, there is a
set of programs to manipulate triangulated geometries in
various ways. For instance, there is a program to intersect
two compartments, and construct a new compartment that
consists of that part of compartment 1 that does not coincide
with compartment 2. This was used to construct a UDL
model of a heart with an old transmural infarction, in which
the infarcted volume is excluded from the depolarizeable
ventrical volume (fig. 2) [6].
D.  Additional tools
The BEM tools include a wide range of programs to
manipulate the data files involved. For instance, many data
files are matrices. There are programs to multiply matrices,
perform the singular value decomposition of a matrix, etc.
Furthermore there are programs to generate and manipulate
data files describing electrode locations or gradiometer de-
scriptions, interpolate functions defined on triangulated
geometries [7], etc.
D.  BEM implementation
The BEM implemented in the tools is fairly standard.
The potential is defined at the vertices; the potential is as-
sumed to vary linearly between the vertices [8]. The isolated
source approach (IPA) [9] is available to cope with the
situation that sources are located within an ill-conducting
compartment. In the situation that there are more compart-
ments within the ill-conducting source compartment, the
standard IPA cannot be used. This case is handled by the
method proposed by [10].
In addition to the usual BEM implementation the MBF-
RU BEM tools provide 2 additional features that are less
standard: 1) the potential can be computed for locations
within the volume conductor that are not located on the sur-
face of a compartment, and 2) the surfaces that describe the
interfaces between compartments may touch  one another.
The latter was applied in a study in which the BEM was
used to model sources inside a skull with a hole in it [11]. In
this study there were 4 compartments: the brain (the IPA
compartment), the skull, the scalp and the hole in the skull.
The hole-compartment touched all other compartments (see
fig. 3).
III.  QTRIPLOT
In many cases the data involved in bioelectric modeling
are either surfaces of anatomical structures or functions de-
fined on these surfaces (potentials, activation times, etc).
Hence, a tool to display these data in a versatile way is very
useful to researchers in this field. For this purpose MBF-RU
has built the program QTriplot.
In principle, there are two ways in which a program can
receive commands from the user: 1) the program receives
commands that are typed by the user in a command window
(as in Matlab), and 2) the user communicates with the pro-
gram via a Graphical User Interface (GUI), consisting of
menus, tool buttons, dialogs, etc. Both methods have their
pros and cons. For novel users, a GUI has the advantage that
Fig. 2.  UDL model of a heart with an old myocardial infarction. The
infarcted region is removed from the ventricular myocardium. Hence,
in this model there is a hole at the site of the infarction, and the viewer
looks through the hole at the septum.
Fig. 3. Scalp potentials generated by a dipole source inside a skull
with a hole in it. The ‘hole’-compartment is colored red.
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there are no commands to learn, and that interaction with the
program is intuitive. For the advanced user typing com-
mands is much more efficient than using a GUI. Also,
scripting is very easy to implement once a command inter-
preter is in place.
We have chosen to implement QTriplot with both a GUI
and a command interpreter. The command interpreter in-
cludes simple programming features such as variables, loops
and delays. This makes it possible to write scripts for an-
imations. For example, a script may display an animation of
the body surface potentials during QRST while rotating the
torso on which the potentials are displayed. Qtriplot can be
started with the name of a script file in the command line.
This makes it possible to embed QTriplot animations in
presentation programs like PowerPoint.
QTriplot was built using the QT application framework,
which is developed by Trolltech. QT is a library of powerful
C++ classes for building GUIs. It supports OpenGL for easy
implementation of fast 3D graphics. One particular advan-
tage of QT is that it is implemented in many operating sys-
tems. As a consequence, QTriplot is compiled from the
same source files for Microsoft Windows, Mac OS X and
Unix. The Unix and Mac OS X implementations of QT are
available under an open source license. For the MS Win-
dows implementation there is a reasonably priced academic
license. Researchers that plan to build portable GUI appli-
cations should to have a look at QT (www.trolltech.com).
Figs. 2 and 3 were created by using QTriplot.
IV. ECGSIM
A.  Purpose of ECGSIM
In clinical practice the interpretation of the ECG is a
combination of pattern recognition and mental solution of
the inverse problem of electrocardiography (i.e.: estimating
the electric activity of the heart from the recorded ECGs).
Since the human mind is much better equipped for the first
of these two tasks, pattern recognition usually dominates.
In order to help (future) clinicians to develop a ‘feel’ for
the relations between the electric activity of the heart and the
ECG, and hopefully improving their ability to perform a
mental inverse solution, we have developed ECGSIM. In
ECGSIM the user specifies the electric activity of the heart
(either by modifying the default parameter settings, or by
specifying them from scratch). The program then computes
and displays the corresponding ECGs. This allows clinicians
and researchers to verify notions about the effect of altera-
tions in the electric activity of the heart.
B.  Implementation
The source model used in ECGSIM is the equivalent sur-
face source (ESS) [12]. In this model, the potential at the
body surface is follows from the transmembrane potential at
the surface bounding the ventricular myocardium and the
geometry of the volume conductor. For the depolarization
phase, the ESS model is equivalent to the UDL source
model.
In ECGSIM the source strength Si at node i of the myo-
cardial surface is completely described by 3 parameters: the
depolarization time ?i of that node, its repolarization time ?i,
and the transmembrane potential amplitude ai. The shape of
the transmembrane potential is as displayed in the bottom-
left pane of fig. 4. A template for the shape of the repolari-
zation phase was deduced from a weighted average of the T
waves of the recorded ECG of the same subject whose ge-
ometry was used; see [13] for details. For each node, this
template was shifted and scaled in order to fit the local re-
polarization time, defined as the moment of maximum
downward slope of the transmembrane potential.
The default values of the source parameters were ob-
tained from the measured ECGs by inverse computations
[3]. ECGSIM computes the ECGs and body surface potentials
from the source parameters and displays the results in the
thorax and ECGs pane (see fig. 4). The user may select a
node at the myocardial surface in the heart pane, after which
the transmembrane potential of that node is displayed in the
membrane pane. By using the sliders in that pane the se-
lected source parameter of that node may be changed. The
corresponding source parameter values in a region around
the selected node, indicated as a gray patch in the heart
pane, will change with it. The amount of the changes varies
linearly from maximum at the selected node to zero at the
rim of the region. The user may change the size of the re-
gion.
As soon as the user changes any of the source pa-
rameters, ECGSIM recomputes the surface potentials and
ECGs, and instantaneously displays the result. for instance,
an acute infarction may be simulated by decreasing the
transmembrane potentials at the site of the infarction, re-
sulting in ST depression or elevation in the ECG. The com-
puted potentials may be viewed as signals, maps or movies.
V. DISCUSSION
The advantage of a set of generic, command line based
software tools for bioelectric modeling is that they can be
used in a wide range of applications. The disadvantage is
that they cannot easily be used by researchers that are not
yet familiar with them. A complete, GUI-driven program
like ECGSIM is at the other end of the spectrum: it is easy to
use, but can only be used for a single purpose.
As the command line tools are not particularly well
documented, and installation may take some handwork, we
prefer to share them in the context of a co-operation. Re-
searchers that have an interest in such a co-operation may
contact the author at thom@www.ecgsim.org.
ECGSIM was purposely built to be widely distributed. It
well documented, and can easily be obtained and installed in
any operating system. Documentation and the program itself
are available from www.ecgsim.org.
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Although QTriplot does contain some documentation,
the user still needs to be fairly knowledgeable in the field in
order to be able to use it. Hence, it is not promoted as widely
as ECGSIM, but researcher that are interested can download it
from www.ecgsim.org/qtriplot.
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Fig. 4.  The ECGSIM window for a particular set of options, using the default settings of the source parameters. The top-left pane is the heart pane, currently
displaying the depolarization times. The top-right pane is the thorax pane, currently displaying the simulated potentials at a selected point in time. The bot-
tom-right pane is the membrane pane, displaying the transmembrane potential of the selected node at the myocardial surface
(indicated by a heavy dot in the heart pane). The bottom-right pane is the ECGs pane, currently displaying the simulated (red) and
reference (blue) ECGs at the standard 12 leads. The reference ECGs shown are those measured on the subject whose geometry was used.
